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Abstract 
MORPHOLOGICAL AND BIOCHEMICAL-BASED 
PHYLOGENETIC ANALYSES OF OPUNTIAE PRICKLY PEAR CACTUS 
OF SOUTHERN CALIFORNIA 
by 
Lyla s. Richards 
Key Words: Cactaceae, Opuntia, Opuntiae, prickly pears, 
electrophoresis, morphology, chromatography, phylogenetic 
analysis 
Abstract: Phylogenetic analyses are used to suggest phy-
logenetic relationships for series Opuntiae (genus Opuntia, 
subgenus Opuntia) present in Southern California. The 
bases of the analyses were electrophoretic characters uti-
lizing allelic band data obtained from electrophoretic 
assays conducted in this study and morphological and chro-
matographical characters compiled from data in existing 
literature. Cladograms produced from the different data 
bases yielded similar relationships. The electrophoretic-
based cladogram provided the strongest support for Benson's 
(1982) classification with the o. littoralis complex repre-
sented as a monophyletic group, unlike the morphological 
and chromatographic-based cladograms. Placements of 
hybrids "Occidentalis C" and "Occidentalis D" were also 
considered. 
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The classification of the genus Opuntia (Cactaceae) as 
a whole has traditionally been phenetically based, and is 
in a ''chaotic" state according to Benson (1982). A review 
of the history of the taxonomic treatments of various 
Opuntia prickly pear cactus species present in southern 
California was made by Walkington (1966) and includes work 
by Engelmann (1852, 1856, 1858, 1876), Engelmann & Bigelow 
(1856), Coulter (1896), Cockerell (1905), Brittton and Rose 
(1908), Griffiths (1908, 1909, 1911, 1914, 1916a, 1916b), 
Parish (1925), Fosberg (1934), Munz (1958), Philbrick 
(1964) and Benson (1965). This review outlines the confu-
sion present historically in the systematics of the prickly 
pear cactus within southern California. It is clear that 
the traditional classification for Opuntia, based on mor-
phology alone, is unsatisfactory. 
In his book The Cacti of the United States and Canada, -- -
Benson (1982) presents the latest revision of the clas-
sification of the flat-jointed prickly pears, based upon 
both his morphological observations and the chromate-. 
graphic studies completed by Walkington (1966). In this 
widely accepted revision (utilized for the purposes of 
this study) , the prickly pear species of southern Cali-
fornia fall under subgenus Opuntia, section Opuntia. 
Series Opuntiae as classified by Benson (1982) is one of 




focus of this study. Included in series Opuntiae are seven 
species, seven varieties and three hybrid population types. 
While the taxonomy and classification of the Opuntiae 
prickly pears have been the subject of a fair amount of 
controversy and study, no phylogenetic relationships have 
been established for this group. This is primarily due to 
a lack of fossil records upon which to base evolutionary 
relationships. 
Although classification of the Opuntia has tradi-
tionally been based upon morphology, the use of molecular 
and chemical data has become increasingly important in 
identifying and clarifying relationships at the genus, 
species, and variety levels. Protein electrophoresis and 
chromatography are two methods of analysis which identify 
genetic and chemical characters that are of particular 
importance in systematics today. 
Electrophoresis is an important biochemical tool for 
systematics which generally yields constant gene-based 
characters and provides more objective, precise genetic 
information than morphological data can provide (Avise, 
1974). In general, electrophoretic evidence is based upon 
the relative mobilities of proteins when subjected to an 
electric field. Enzymes or other proteins have different 
net charges (due to differing amino acid composition), and 
. '
are also affected by their size and quaternary structure, 
all of which cause the proteins to migrate differing 
distances through the gel substrate under the influence of 
an electric charge. A good overall description of the 
technique and its applications to systematics is provided 
by Richardson & al. (1986). Gottlieb (1981) reviews the 
electrophoretic process, its applications to systematics 
and problems with respect to plants, specifically. 
A review of the electrophoretic literature revealed 
only two limited electrophoretic studies related to indi-
vidual Opuntia species (Mukerji & Ting 1969, Sternberg & 
al. 1977), and an additional study of seed isozyme elctro-
phoresis on Opuntia species reported to be in progress 
(Wallace & al. 1984). Due to the limited Opuntia-related 
electrophoretic data present in the literature, further 
electrophoretic work was considered beneficial for use in 
this systematic study of the Opuntiae. Thus, this elec-
. 
trophoretic study was initiated to be utilized in con-
junction with a morphological approach in an attempt to 
elucidate relationships between the Opuntiae species and 
varieties common in southern California. 
Chromatography has been more extensively utilized to 
gain insight into the chemical characteristics of the 
Opuntiae complex. Several studies of the Opuntiae species 
have included chromatograp~ic work to identify flavonoid 
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constituents in joints, spines, and seeds (McLeod 1973, 
Smith 1973, Walkington 1966). McLeod (1973), in a chroma-
tographic work on Opuntiae species of Arizona, noted that 
all the groups he studied appeared heterogenous in flavo-
noid composition, concluding that "taxa are no more clear-
cut (chromatographically) than they are morphologically". 
Nevertheless, for comparison purposes, the limited chroma-
tographic data available from Walkington (1966) was also 
analyzed in this study. 
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With little study of the relationships existing within 
the Cactaceae family available in the literature, largely 
due to the lack of fossil records, phylogenetic analysis 
(or cladistics) is considered to be a good systematic tool 
in this case. Cladistics attempts to estimate relation-
ships by summarizing knowledge about similarities among 
groups without being dependent on fossil records. Morpho-
logical and chromatographic data available in the litera-
ture together with the allelic data from the electrophor-
etic data collected in this study provided the bases for 
these phylogenetic analyses. Each data set was analyzed 
separately and the relationships suggested by each type of 
data compared in order to gain insight into the relation-
ships between the Opuntiae taxa present in southern 
California. 
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The primary objectives of these cladistic analyses are 
threefold. First, cladistics can be used to support and 
confirm current taxonomic classification for the series 
Opuntiae and/or to point out areas of incongruity which 
require further study. Secondly, it provides estimates of 
the relationships of species and varieties within the 
series Opuntiae based on morphological, allelic, and 
chromatographic data, which can be further clarified as 
more data become available. Finally, cladistics may poten-
.. 
tially shed additional light on the relationships of 
hybrids to native and introduced species and varieties of 
Opuntiae. 
MATERIALS AND METHODS 
Morphological Analysis. The morphological data set for 
this study was compiled using 36 characters (listed in 
Table 1) obtained from the morphological descriptions of 
Opuntiae species of Benson (1969, 1982), Munz (1974) and 
Walkington (1966). For the purpose of cladistic analysis 
the outgroup criterion was utilized. The outgroup, a group 
found outside the study set, defines the study set by 
elmininating presumably primitive or general characters 
shared with the outgroup. For the morphological data, o. 
basilaris Engelmann & Bigelow var. basilaris and o. basi-
laris var. brachyclada (Griffiths) Munz, spineless 
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Table 1. Description of the morphological characters and 
character states allowed for Opuntiae prickly pear cacti 
utilized for computer analysis of phylogenetic relation-
ships. Characters were taken from the morphological 
descriptions of Benson (1969, 1982), Munz (1974) and Walk-
ington (1966). 
Character 
1 Spines on joints 
2 Spines on fruit 
3 No. spines/areole 
4* Spine description 
5* Spine shape 
6* Spine flatness 
7* Spine color 
8* Spine length 
9 Spine distribution 
10 Leaf length 
11 Joint color 
12* Joint glaucousness 
13* Joint shape 
14 Joint length 
15 Joint width 
16* Fruit color 
17 Mature fruit type 
18 Fruit areoles 
19 Fruit length 
20 Fruit shape 
Character States 
1) no; 2) yes 
1) no; 2) yes 
1) none; 2) 0-2; 3) 1-6; 4) 1-6+ 
1) no spines; 2) all spreading; 
3) sometimes deflexed; 
1) no spines; 2) usually all 
straight; 3) some curved/twisted 
1) no spines; 2) flattened at 
least basally; 3) acicular 
1) no spines; 2)generally all 
light; 3) generally dark, at 
least on bases, or mixed colors 
1) no spines; 2) Usually under 
2.5 cm; 3) 2-3 cm; 3) 3-5 cm; 
4) may have some up to 4-6 cm 
1) none; 2) on less than 50% of 
joint; 3) covers 50-75% of joint; 
4) covers entire joint, +/-
1) <7 mm; 2) up to 9 mm; 
2) up to 10 mm; 4) up to 15 mm 
1) yellow-green to green; 2) blue 
to blue/green 
1) not glaucous; 2) moderately 
glaucous; 3) strongly glaucous 
1) round; 2) obovate, ovate, oval 
or oblong; 3) narrowly obovate or 
ovate, to elliptic 
1) under 6 cm; 2) 7-25 cm; 
3) 12-30 cm; 4) 28-60 cm 
1) under 4 cm; 2) 5-15 cm; 
3) 10-23 cm; 4) 20-40 cm 
1) reddish or purplish; 
2) green turning to tan or gray; 
3) yellow or yellow-orange 
1) dry; 2) fleshy 
1) conspicuous; 2) not prominent 
1) 1-3 cm; 2) 3.5-4 cm; 3) 3-8 cm 
1) tending to be obovate/oblong; 
2) subspheroidal or subglobulose 
Table 1 (continued) 
Character 
21* Flower color 
22 Flower size 
23 Flowering season 
24 Seed size 
25 Seed embryo margin 
26 Seed color 
27 Glochid color 
28 Distance between 
areoles 
29 Areole size 
30 Plant height 
31 Plant diameter 
32 Plant shape 
33 Habitat soil type 





1) orchid, rose or cerise; 
2) salmon; 3) yellow to orange 
1) 5-5.5 cm or less; 2) 5-7.5 cm; 
3) 6-8 cm 
1) March-June; 2) May-July 
1) 1/8-5/16"; 2) 1/8-1/4"; 
3) 1/8-1/5" 
1) irregular; 2) smooth 
1) bone white to gray; 2) light 
tan to gray 
1) brown; 2) yellow/golden brown 
1) .5 - 1.5 cm; 2) <2.5 cm; 
3 ) 1 • 5 - 3 cm ; 4 ) < 3 • 5 cm 
1) inconspicuous; 2) prominent 
1) <1 ft; 2) 1-3 ft; 3) >3 ft; 
4) <6 ft; 5) >10 ft 
1) 1-6 ft; 2) 2-20 ft; 3) 3-72 ft 
1) sprawling to suberect; 
2) ascending to erect; 3) tree-
like with trunk 
1) sand, gravel or rock; 2) sand 
or gravel/clay; 3) silt or clay; 
4) deep loam soil 
1) gentle slopes or flats with 
grasses/annuals; 2) steep slopes 
with woody perennials 
1) desert; 2) desert ed~e chapar-
ral; 3) desert margin mountains; 
4) coastal side of mountains; 
5) coastal foothills or valleys 
1) 0~000'; 2) 3000-7500'; 
3) 800-5000'; 4) Mostly below 
500' 
* Qualitative characters treated as unordered in computer 
anlysis 
flat-jointed cacti from the closely related Basilares 
series, were used as the outgroup. 
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In constructing the character state matrix table for 
the morphological data (See Table 2), all qualitative 
characters were treated by the computer as unordered, with 
no ~priori transformation series assumed. Thus, for these 
characters each character state was treated as being at 
least potentially capable of transforming directly into any 
other character state. Quantitative characters were 
treated as ordered; they were assumed to require one step 
to transform from each state in the series of quantitative 
states to the next. The p~esumably primitive states of the 
outgroup taxa were assigned the lowest value wherever pos-
sible. Recoding of multistate characters states to binary 
states was accomplished using the cumputer program discus-
sed below. Prior to analysis, characters common to all 
taxa (symplesiomorphs) and characters with unique derived 
character states (autapomorphies) were deleted from the 
data set, ·as these characters are phylogenetically uninfor-
mative. 
Cladistic analysis was conducted utilizing the computer 
program, Phylogenetic Analysis Using Parsimony (PAUP), 
Version 2.4.1, written by David Swofford (Illinois Natural 
History Survey, 1985). PAUP follows a modified version of 
Table 2. Data matrix of binary and multistate morphological characters for 
series Opuntiae prickly pear cacti used in phylogenetic analysis. Character 
descriptions and allowed character states are listed in Table 1. (? = mis-
sing data or N/A; * refers to unordered characters) 
Morphological Character States 







1 2 2 2 2 ? 3 2 2 2 l 3 1 2 2 3 2 
1 1 1 1 1 1 1 1 1 ? 1 1 1 2 2 1 1 
1 1 1 1 1 1 1 1 1 ? 1 1 2 1 1 1 1 
2 2 4 3 2 2 2 5 4 ? 1 ? 1 3 3 3 2 
2 1 3 3 3 ? 2 5 3 1 2 ? 2 4 4 2 2 
2 2 4 3 2 3 3 4 4 ? 2 1 3 3 2 3 2 
Occ C 2 1 4 2 3 2 3 2 4 3 ? .? 2 4 3 3 2 




2 1 4 2 3 2 2 3 4 1 2 ? 1 3 3 3 2 
2 2 3 3 2 3 3 4 3 ? 1 2 3 3 2 3 2 
2 2 3 2 4 ? 3 3 3 2 1 2 3 2 2 3 2 
19 20 21* 22 23 24 25 26 27 28 29 30 31 32 33 34 35 
austro 2 1 2 ? 2 2 1 2 2 2 ? 2 ? 1 1 1 4 
bas ? ? 1 2 1 1 1 1 1 1 1 1 1 1 1 ? 1 
brach 1 2 1 2 1 1 1 1 ? 1 1 1 1 1 1 ? 3 
disc 3 1 3 3 2 3 1 2 ? 3 2 2 2 3 3 2 3 
F-I 3 2 3 1 2 2 2 ? 2 ? 1 5 ? 3 4 1 ? 
litt 2 1 3 2 2 2 1 2 ? 3 ? 2 1 1 1 2 5 
Occ C 3 1 3 1 ? 3 2 ? ? ? 1 4 2 2 2 1 5 
Occ D ? 1 3 2 ? 3 2 ? ? 4 1 3 ? 2 2 1 5 
oric 1 2 3 1 1 3 2 1 2 2 2 3 3 3 1 2 5 
Piere 2 ? 3 2 2 2 1 2 ? ? ? 2 1 1 1 . 1 2 
























Key to taxon abbreviations: austro = Opuntia littoralis var. austrocalifor-
nica; bas = o. basilaris var. brachyclada; brach = o. basilaris var. brachy-
clada; disc = o. phaeacantha var. discata; F-I = o. Ficus-Indica; litt = O. 
littoralis var-:-littoralis; Occ C & Occ D = o. Occldentalis hybrid forms "C" 
and "D"; oric = o. oricola; Piere= o. littoralis var. Piercei; Vas = o. 
littoralis var. vaseyi 
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length {and most parsimonious) Wagner tree/s or clado-
gram/s. Characters were polarized by outgroup rooting. 
Farris optimization was used for all ordered character 
states, whereas a form of ''Fitch optimization" (Fitch 1971) 
Hartigan· 1973) was used for unordered characters. The 
global branch-swapping algorithm with the MULPARS option 
was utilized to increase the likelihood of discovering the 
shortest tree/s, as the data set was too large to be ana-
lyzed using an exact algorithm. Weighting was scaled so 
that multistate characters were treated equally with binary 
state characters. 
Chromatographic Analysis. The chromatographic study 
conducted by Walkington (1966) utilized prickly pear speci-
mens of series Opuntiae collected in southern California. 
Different flavonoid constituents present in stem joints 
were identified as numbered spots on two-dimensional 
chromatograms. For cladistic analysis the presence or 
absence of chromatographic spots in 2-6 specimens each from 
eight taxa (including three species, two varieties, and two 
hybrids) provided data subject to direct binary coding. 
Symplesiomorphs were deleted from the character state 
matrix before analysis. Since neither of the Opuntia 
basilaris varieties used as the outgroup in the other data 
sets were included in the chromatographic study, data was 
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analyzed rootless, producing Wagner networks rather than 
rooted trees. Cladistic analysis was conducted using the 
PAUP computer program based on the modified Farris & al. 
(1970) approach, with Farris optimization. Because so few 
taxa were analyzed it was possible to utilize the exact 
algorithm, ALLTREES. This algorithm conducted an exhaus-
tive search of all possible trees to find the guaranteed 
shortest Wagner network/s. No weighting factors were ap-
plied to this data. 
Electrophoretic Analysis. Nine taxa from series Opun-
tiae were examined electrophoretically: Opuntia littoralis 
(Engelmann) Cockerell, varieties littoralis - (litt), 
austrocalifornica Benson & Walkington - (austro); Piercei 
(Fosberg) Benson & Walkington - (Piere); and vaseyi (Coul-
ter) Benson & Walkington - (Vas); o. oricola Philbrick -
(oric); o. Ficus-Indica (L.) Miller - (F-I); and O. phaea-
cantha Engelmann var. discata (Griffiths) Benson & Walk-
ington - (disc). Two additional taxa from the Basilares 
series, o. basilaris varieties basilaris - (bas) and 
brachyclada - {brach) , were included to be used as the 
outgroup for cladistic analysis. A total of 224 cactus 
stem joints were collected for electrophoretic assays from 
42 locations within Ventura, San Diego, San Bernardino, Los 
Angeles, Riverside and Orange counties. To minimize any 
hybridization effects only plants clearly exhibiting the 
12 
. . 
morphological characteristics as described by Benson (1969, 
1982), Munz (1974) and Walkington (1966) were collected. A 
minimum of six specimens were assayed for each species, 
variety and hybrid, and each taxon included specimens from 
two or more separate populations. Voucher specimens repre-
senting joints from each plant sampled are preserved in the 
Loma Linda University Biology Department herbarium. 
To prepare the specimens for electrophoresis, 2.0-2.5 
grams of green outer cortex from fresh joint tissue was 
homogenized in an Ultra Turrax (Model SDT) grinder for 90 
seconds with 1.0 gm insoluble PVP and 12 ml extraction . 
buffer while maintained on crushed ice. Material was then 
0 
centrifuged at S,000-10,000Xg at 0 C until the supernatant 
clearly separated (usually 2-5 minutes) • The supernatant 
was stored frozen until used in electrophoresis. Electro-
phoretic procedures for horizontal starch-gel slabs similar 
to those outlined by Brewer (197~) and Richardson & al. 
(1986) were followed, using 14% Connaught starch gels. 
Nine enzyme systems were tested, modified after Scandalios 
(1969) and Shaw & Prasad (1970). Three enzyme systems, 
acid phosphatase (ACPh) , glutamate dehydrogenase (GDH) and 
phosphoglutamase (PGM), were run with 7.0 pH Histidine gel 
and electrode tray buffers for approximately 1.5 hours at 
0 
35 mA at 0-6 C. The remaining enzyme systems, esterase 
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(EST}, leucine aminopeptidase (LAP}, malate dehydrogenase 
(MOH}, glucosephospate isomerase (GP!}, peroxidase (PER) 
and glutamate-oxaloacetate transaminase (GOT), were run 
with 8.3 pH Tris-Citric gel buffer and 8.3 pH Lithium-
borate electrode tray buffer for approximately three hours 
0 
at 50 mA at 0-6 c. Each sample was assayed twice on the 
same gel to test for repeatability. 
Scoring of alleles with anodal mobility was accom-
plished by numbering allelic bands according to the percen-
tage distance they travelled relative to a bromophenol blue 
marker, and were assigned positive signs. Alleles which 
travelled cathodally (present only in EST and PER) were 
numbered according to the relative percentage distance 
they travelled in the cathodal direction with respect to 
the bromophenol blue marker, and were given negative signs. 
Allelic bands were only recorded as present if they 
appeared both on the original and on the replicate sides of 
the electrophoretic gel. Since the genetics of these cacti 
are unknown at present, realistic identification of genetic 
loci was not possible. Therefore, for cladistic analysis 
all alleles appearing with a freqency of 0.05 or greater 
were treated as individual presence/absence characters 
(Mickevich & Johnson 1976). Symplesiomorphic and aut-
apomorphic characters were deleted from the data matrix 
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set before analysis. As with the morphological data set, 
cladistic analysis was based on a modified approach of 
Farris & al. (1970) using the PAUP program. The same 
outgroup taxa as in the morphological data set, o. basila-
ris varieties basilaris and brachyclada, were use~ for 
polarization, with Farris optimization and with character 
states treated as ordered. Global branch-swapping with the 
MULPARS option was utilized as the data set was again too 
large for an exact algorithm. Weighting factors were ap-
plied to weight each enzyme system equally, regardle~s of 
total number of allelic bands present per enzyme. 
RESULTS 
Morphological Analysis. Table 2 represents the charac-
ter state matrix compiled from the characters in Table 1 
prior to recoding of the multistate characters to binary 
states by the PAUP program. 
Figure 1 illustrates the most parsimonious cladogram 
for the morphological data set with o. basilaris varieties 
basilaris and brachyclada as the outgroup. The total tree 
length was 50.0 with a homoplasy level of 30%. Addition of 
the hybrids "Occidentalis C" and "Occidentalis D" under the 
same conditions resulted in the cladogram shown in 
Figure 2. The same relationships were exhibited between 
the species and varieties, and both hybrid forms fell 
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FIGURE 1. Cladogram based on morphological characters for 




FIGURE 2. Cladogram showing the placement of hybrid forms 
of Opuntia "Occidentalis C" and "Occidentalis D" into 





between o. phaeacantha var. discata and o. oricola, outside 
all o. littoralis varieties. 
Chromatographic Analysis. The character matrix 
reflecting the presence (designated ''1") or absence (desig-
nated ''0") of fla~onoid constituent spots for each given 
tax~ from walkington's (1966) chromatography study is pro~ 
vided in Table 3. 
The most parsimonious cladogram based on flavonoid 
constituents found in stem joint tissue is shown in 
Figure 3. The total tree length was 70.0, with a rela-
tively low homoplasy level of 22.9% (partially due to the 
small number of taxa analyzed). The two most parsimonious 
cladograms produced upon the addition of the two "Occiden-
talis" hybrids are illustrated in Figure 4. 
Electrophoretic Analysis. Table 4 provides the char-
acter state matrix for the molecular data from the elec-
trophoretic assays representing the presence or absence of 
alleles for the nine enzyme systems. 
Figure 5 represents the two equally parsimonious 
cladograms produced utilizing the electrophoretic data set 
from Table 4, rooted on o. basilaris varieties basilaris 
and brachyclada as the outgroup. The length of each of 
these trees was 12.8, with a relatively high homoplasy 
level of 50.8%. Figure SA provides the better fit with the 
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TABLE 3. Character state matrix based on the presence ("l") 
or absence ("0") of numbered flavonoid constituent spots 
from two-dimensional chromatograms in Walkington's (1966) 


























1 1 1 0 0 1 
1 1 1 0 1 1 
1 1 1 0 0 1 
1 1 0 1 0 1 
1 1 1 1 0 1 
1 1 1 0 0 0 















0 0 1 1 0 1 0 0 
0 1 1 1 0 1 1 1 
1 0 1 1 1 0 1 1 
1 0 1 1 1 0 1 1 
0 0 1 1 0 0 1 . 1 
0 0 1 1 1 1 0 0 
0 1 1 1 0 1 1 1 
1 1 0 
1 1 1 
1 1 0 
1 1 0 
1 0 1 
1 0 0 








0 1 1 0 
0 1 1 1 
1 1 1 0 
1 1 0 0 
1 1 1 1 
0 1 0 0 
0 1 1 1 
1 1 0 1 
1 1 1 1 
1 0 0 1 
1 1 0 1 
1 1 1 1 
1 1 0 1 
1 1 1 1 
1 1 0 1 0 0 1 1 0 1 0 0 0 1 1 1 0 1 
1 0 0 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 
1 0 0 0 1 0 1 1 1 0 1 0 0 1 1 1 1 0 
1 1 0 0 1 0 1 1 0 0 1 1 1 0 1 1 0 1 
1 1 0 0 1 0 1 1 0 1 0 1 0 1 1 1 1 1 
0 1 0 0 0 1 1 1 0 0 1 1 1 1 1 1 1 0 
1 1 0 1 0 1 1 1 1 0 1 0 1 0 1 1 1 1 
1 1 0 0 0 
1 1 0 1 1 
1 ·1 1 1 0 
1 1 1 1 1 
1 1 1 0 1 
1 1 0 0 0 
1 1 1 1 1 
0 0 1 
0 0 1 
0 1 1 
0 1 1 
0 1 1 
0 1 1 
0 0 1 
0 1 1 0 
0 1 1 1 
1 1 1 0 
1 1 1 0 
0 1 1 0 
1 1 1 0 








1 1 0 1 
1 1 1 1 
1 1 0 1 
1 1 1 1 
1 1 0 1 
1 1 1 1 
1 1 1 1 
0 0 0 0 0 0 
1 0 1 0 1 0 
0 0 0 0 0 1 
1 . 0 0 0 0 0 
0 0 0 1 0 0 
1 0 0 1 0 0 








0 1 0 0 
1 1 1 1 
0 1 1 1 
1 1 1 1 
0 1 1 1 
1 0 0 0 








Key to Abbreviations: aus = Opuntia littoralis var. 
austrocalifornica; disc = o. phaeacantha var. discata; F-I 
= o. Ficus-Indica; Occ C and Occ D = Occidentalis hybrid 
forms C and D; oric = o. oricola; Piere = o. littoralis 
var. P1ercei7 ~ 
Autapomorphic/Symplesiomorphic characters deleted from com-
puter phylogenetic analysis: Spot Numbers - l,2,3,7,13,14, 
19,25,31,34,38,39,46,47,50,51,55,57,59,60,64,65,67,69,74 
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FIGURE 3. Unrooted Wagner network based on the chromato-
graphical characters shown in Table 3 for Opuntia prickly 
pear cacti taxa. (Hybrids excluded) 
Piere F-1 
disc 
FIGURE 4. Equally parsimonious 
chromatography data for Opuntia 




Wagner networks based on 
prickly pear cacti taxa 
"Occidentalis C" and "Occi-
austro 
disc Piere Occ D OccC 
• or1c F-1 
(A) 




TABLE 4. Character state matrix based on the presence 
("1") or absence ("0") of electrophoretic allelic bands 
from stem tissue of 0Euntia prickly pear cacti. 
Enz~me S~stem*7Band Numbers ONLOOLO 
....._MO\.OOLOO M LO .....__. .-t-' N N 
LOONCO~OCOLOOMMMNN-4.-tLOMI I I I I I I I 
....._....._~LOLOLO~~~~~'~'~~~~~~~,~~~~ 
'~~~~~~''0-'NM"""LO\.O....._CO~O.-tNM"""LO~ 
.-tNM"""LO\.O ....... COm.-t.-t.-t.-t.-t.-t.-t.-t.-t.-tNNNNNNN 
austro 1 0 0 1 0 1 0 0 0 1 0 I 1 0 1 1 0 0 1 0 1 0 0 0 0 1 
bas 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 
brach 0 0 0 1 0 0 0 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
disc 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 0 1 1 0 
F-I 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 1 0 1 1 1 1 1 
litt 0 0 1 0 1 0 0 1 1 1 0 1 1 1 0 1 0 1 1 0 0 1 0 1 1 1 
occ C 0 0 0 1 1 0 0 0 0 0 0 1 1 1 0 1 0 0 0 1 0 0 0 0 0 0 
Occ D 0 0 0 1 0 0 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 
oric 1 1 0 1 0 1 0 0 1 0 1 1 1 1 1 1 1 0 0 1 0 1 0 1 0 0 
Piere 1 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 
Vas 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 
0 ....._LO 0 ....._ M CO LO 0 ....._ f"""40 LO M 0 \.0 N co """ "° 0 ....... M 0 \.0 M M M "' ....._ \.0 \.0 LO LOLO~MCO....._....._....._l.01.0LOLO"""""°MMMNN 
~ch-~'''~ ~~~~,,~~~,,~~~,~~,, N ~0.-tNM ~LO\.O"'COmO.-tNM"""L.0\.0 ....... COmo~N 
NNNMMMM MMMMMM"""""°""°~""""""""""""""""""LOLOLO 
austro 0 0 1 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 1 1 0 
bas 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
brach 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 
disc 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 0 1 1 0 
F-I 0 0 1 1 0 0 1 1 1 0 0 0 1 0 1 0 0 1 1 0 0 0 1 0 1 0 
litt 0 0 1 1 1 0 1 0 0 1 0 1 0 1 1 0 0 1 0 1 0 1 0 1 0 0 
occ C 0 0 1 l · 1 0 0 1 1 0 0 0 1 0 0 1 1 1 0 0 0 1 1 1 1 0 
occ D 0 0 1 1 1 0 0 1 0 0 1 0 1 0 1 0 0 1 0 1 0 1 1 1 1 0 
oric 1 1 1 1 0 0 1 1 0 1 0 1 1 0 1 1 0 1 0 1 1 1 0 1 1 1 
Piere 0 0 1 0 1 0 1 1 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 1 1 0 
Vas 1 0 1 1 0 1 0 0 0 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 
OLOO N"""....._ONLOOLOO....._"""OLOOCOLO....._OLOO....._ 




austro 1 1 0 0 0 0 0 1 0 1 0 0 0 - - -- ~ 0 0 0 1 0 
bas 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 1 0 1 
brach 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 0 1 1 0 1 
disc 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 1 1 0 1 0 1 1 1 1 
F-I 1 0 1 0 0 1 0 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 0 1 1 1 
litt 1 1 0 1 0 1 1 0 0 0 1 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0 
Occ C 1 1 1 0 0 0 0 0 1 0 1 0 0 1 1 1 1 1 1 0 0 1 0 0 0 1 
Occ D 1 1 0 0 0 0 0 1 0 0 1 0 0 0 1 0 1 1 1 0 1 1 0 1 1 0 . 
1 0 0 1 0 0 0 0 0 0 0 or1c 1 1 1 0 1 1 1 0 0 0 0 0 1 0 0 
Piere 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 1 
vas 1 1 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 1 1 
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Enzyme System*/Band Number 
0 1 0 1 1 0 0 0 0 0 0 1 1 0 0 1 0 0 1 1 1 1 1 1 1 0 
0 0 0 1 1 0 0 1 0 1 0 1 0 0 0 0 0 1 1 0 0 1 1 1 0 0 
1 0 0 0 1 1 1 1 0 1 0 1 0 0 1 0 0 0 1 0 0 1 1 1 0 0 
0 1 1 1 0 1 0 1 0 1 0 1 0 0 0 0 0 1 1 1 1 1 0 1 0 0 
1 1 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 1 1 1 0 1 1 1 0 0 
1 1 0 1 1 1 0 1 0 1 0 1 0 0 0 0 0 1 1 1 1 1 1 1 1 0 
1 1 0 0 1 1 0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 1 1 1 1 0 
1 1 0 0 1 1 0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 1 1 1 1 0 
1 1 0 1 1 1 0 1 0 1 0 1 0 0 0 0 0 1 1 1 0 1 0 1 1 1 
1 1 0 1 1 1 0 0 0 0 1 1 0 0 0 0 0 1 0 1 1 1 0 i 1 0 
0 1 0 1 1 1 0 1 0 0 0 1 1 0 0 1 0 0 1 1 1 1 1 1 1 0 
Key to Abbreviations: aus = Opuntia littoralis var. 
austrocalifornica; bas = o. basilaris var. basilaris; brach 
= O. basilaris var. brachyclada; disc = o. phaeacantha var. 
discata; F-I = O. Ficus-Indica; litt = o. littoralis var. 
littoralis; Occ--C and Occ O = OccidentaITs hybrid forms C 
and o; oric = o. oricola; Piere = o. littoralis var. 
Piercei; Vas = O. littoralis var. vaseyi. 
*Key to Enzyme Systems: PER = 1-28; LAP = 29-37; EST = 38-
65; GOT = 66-73; PGM = 74-82; MOH = 83-86; GOH = 87-92; 
ACPh = 93-98; GP! = 99-104. 
Autapomorphic/symplesiomorphic characters deleted prior to 
computer phylogenetic analysis: 2,5,18,28,32,35,37,43,53, 
57,59,61,64,65,67,74,81,87,89,90,92,95,100,102,104. 
FIGURE 5. Equally parsimonious cladograms based on the 
electrophoretic allelic data from Table 4 for Opuntia 












other data sets analyzed in this study and will be con-
sidered the "best" Wagner tree for discussion purposes. 
22 
Addition of the hybrid taxa did not change the basic 
phylogenetic relationships, as was the case with the mor-
phological cladograms, but both hybrids were placed within 
the monophyletic o. littoralis subgroup {See Figure 6). 
These relationships differed from the morphological clado-
grams where the hybrids were placed outside the o. lit-
toralis varieties. 
DISCUSSION 
The cladogram produced based upon morphological char-
acters of Opuntiae species (Figure 1) present in southern 
California fit the current taxonomic classification sug-
gested by Benson {1982) fairly well. However, although all 
the o. littoralis varieties are shown to be more closely 
related to each other than to the other taxa, they are not 
represented as a monophyletic group. Phylogenetic inter-
pretation requires any taxonomic subgroup ~o be monophy-
letic. Therefore, the relationships portrayed in the mor-
phological cladogram, based upon phylogenetic reasoning, 
suggest that each taxon in the study group should be 
treated either as a separate species, or alternatively, as 
varieties of a single species. The cladogram based upon 
the allelic characters from the electrophoretic assay, on 
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FIGURE 6. Cladogram based on the electrophoretic allellic 
data from Table 4 for Opuntia prickly pear cacti taxa 







the other hand, did place the four O. littoralis varieties 
within a monophyletic group. Thus, the allelic character-
based cladogram fully supports the current classification 
by Benson (1982). 
The morphological cladogram differs from the electro-
phoretic-based cladogram in that an inversion of the order 
of the four o. littoralis varieties and a translocation of 
this group from the base of the branch to the end is re-
quired to produce a cladogram exhibiting the same rela-
tionship as the electrophoretic-based cladogram. Simply 
described, the discrepancy between the two cladograms is 
different placement of the o. littoralis subgroup. 
The most parsimonious Wagner network produced, based 
upon the chemical constituent data from the chromatography 
study, is illustrated in Figure 3. This network is some-
what similar to the morphological cladogram, with one main 
difference. In the electrophoretic-based cladogram o. 
phaeacantha var. discata and o. littoralis var. Piercei 
were placed in a monophyletic group, whereas in the morpho-
logical cladogram they were represented as being as being 
paraphyletic. The number of taxa analyzed here is too 
limited to draw any firm conclusions, but based only on the 
available data, a historically interesting incongruity is 
presented. o. phaeacantha var. discata and o. littoralis 
var. Piercei were at one time classified as varieties, 
along with o. littoralis var. vaseyi, under a single spe-
cies, O. occidentalis (Munz, 1958). Benson & Walkington 
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(1965) admit that the distinction between o. littoralis and 
o. phaeacantha is fairly arbitrary as it is sometimes 
difficult to distinguish acicular versus flattened spines, 
the primary distinction between the species. Thus, from a 
morphological viewpoint {and supported by the morphological 
cladogram, Figure 1) it would not be unreasonable to con-
sider o. phaeacantha var. discata part of the o. littoralis 
complex. The electrophoretic evidence, however, does not 
indicate that O. phaeacantha var. discata is as closely 
related to the o. littoralis complex as it appears to be 
morphologically (compare Figure 1 and 5). Further chrom-
atographic analysis of additional taxa would be helpful in 
clarifying whether this apparent incongruity is real. 
The placement of the two hybrids, "Occidentalis C" and 
"Occidentalis Q.", into the cladograms based on morphologi-
cal and allelic data respectively, differ primarily in 
their placements relative to the o. littoralis subgroup. 
In the morphologically-based cladogram both hybrids fall 
about midway between o. Ficus-Indica and the o. littoralis 
varieties subgroup. This is not surprising in view of the 
fact that the hybrids are considered to be crosses between 
o. Ficus-Indica and one or more of the o. littoralis 
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varieties (Smith 1984, Walkington 1966). The hybrid rela-
tionships illustrated by the "best" chemical constituent 
character-based cladogram (Figure 4A) also places both 
hybrid forms between o. Ficus-Indica and the o. littoralis 
varieties. Interestingly, in the allelic data cladogram 
both hybrids were positioned within the monophyletic O. -
littoralis complex. This arrangement suggests closer ties 
to the o. littoralis varieties, and presumably involved 
less recent interaction (if any) of genes from o. Ficus-
Indica than would be expected from a purely morphological 
standpoint. 
Smith (1973) suggested from his study encompassing 
morphological, physiological and biochemical aspects of 
Opuntiae taxa, that the "native" arborescent stock (O. 
oricola, "Occidentalis C" and "Occidentalis D") may have -------- -
originated from arborescent stock which included o. Ficus-
Indica, rather than being a product of recent hybridization 
between o. Ficus-Indica and non-arborescent native opun-
tias. Smith drew this conclusion due to the relative low 
degree of affinity between o. Ficus-Indica and the native 
arborescent stock he observed in his study. The allelic-
based cladogram indicating a more distant relationship of 
the Opuntia hybrids, "Occidentalis C" and "Occidentalis D", 
from o. Ficus-Indica could be used to support Smith's 
.conclusion with respect to the hybrids. o. oricola, 
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however, shows strong evidence of being quite closely re-
lated to o. Ficus-Indica based upon the electrophoretic and 
morphological cladograms, although not by the ''best" 
chromatographic cladogram in this study. o. oricola was 
suggested by Walkington (1966) to be a possible hybrid 
between O. Ficus-Indica and one of the o. phaeacantha 
species. This possibility is supported by the morphologi-
cal data cladogram, which places o. oricola directly be-
tween the proposed parent species. However, neither the 
chromatographic data cladogram nor the electrophoretic data 
cladogram lend direct support to the possibility. 
Until o. oricola was described as a species by Phil-
brick in 1964, the species had been identified as o. lit-
toralis, rather than as a separate species. The cladogram 
based on allelic characters supports treating o. oricola 
either as a separate species or combining it as a variety 
of o. littoralis. The morphological cladogram does not 
lend support to the latter possibility unless all members 
of the study group were considered as varieties under one 
species. 
It should be noted that the level of homoplasy, which 
represents the presence of convergences and parallelisms, 
is fairly high in the electrophoretic cladograms (50.8%) 
compared with the morphological (30.0%) and chromatographic 
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(22.9%) cladograms. Richardson & al. (1986) notes that 
electrophoretic data are plagued with a high incidence of 
convergences and parallelisms. This observation may well 
indicate an inherently higher homoplasy level within 
electrophoretic data. Higher homoplasy for electrophoretic 
data might well be expected since electrophoretic charac-
ters are based on single genes, whereas morphological 
characters are based upon gene complexes. 
Another possible reason for the higher level of homo-
plasy could be related to the method used for coding the 
electrophoretic data using the presence/absence of allelic 
bands as character states. Gottlieb (1981) stresses that 
there are many factors which influence the appearance of 
the electrophoretic phenotype. These include factors such 
-as artifacts resulting from the extraction or electropho-
retie procedures, blurring of different bands with similar 
mobilities, and the presence of 'null' alleles. Without a 
formal genetic analysis to identify enzymatic loci, which 
would involve crossing experiments or additional - pollen 
electrophoretic study (Gottlieb, 1981), it is difficult to 
avoid these problems. Some of the errors, such as those due 
to artifacts from the electrophoretic procedures, should 
have been reduced due to the practice of replicating each 
sample and disregarding any bands that did not appear in 
both replicates. Nevertheless, a fair amount of error may 
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. . 
have remained in the data set, which likely could have 
increased the level of homoplasy. However, due to the 
nature of cladistic analysis the potential introduction of 
additional allelic bands or the absence thereof should not 
greatly affect overall cladogram results. 
Until additional electrophoretic analysis is carried 
out on crosses and/or pollen and compared with the data 
from this preliminary study, the full benefit of genetic 
information available through the electrophoretic technique 
will not be realized. As Gottlieb (1981) argues, "the 
unique ability of electrophoresis to identify the number of 
gene loci that specify particular enzyme evidence in phylo-
genetic studies" will likely provide the most meaningful 
use of electrophoretic evidence in phylogenetic studies. 
SUMMARY 
The electrophoretic and morphological character sets 
based on southern Califo~nia Opuntia prickly pear cactus 
utilized in this study produced similar cladograms, dif-
fering only in the placement of the o. littoralis varie-
ties subgroup. The electrophoretic-based cladogram 
strongly supports the taxonomic classification of Benson 
(1982) for the southern California Opuntia complex due to 
the resolution of the monophyletic o. littoralis subgroup 
not exhibited in the morphological cladogram. The best 
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Wagner network produced based on the chromatographic data 
was similar to the morphological cladogram, differing 
primarily in that o. phaeacantha var. discata and o. 
littoralis var. Piercei were placed in a monophyletic 
group. Without further chromatographic study the signifi-
cance of this finding is not clear. The homoplasy level 
in the allelic character cladogram was considerably higher 
(50.8%) than in the morphological character cladograrn 
(30.0%) or the flavonoid constituent cladograms (22.9%). 
Hybrid placement suggested close relationships between 
the hybrids "Occidentalis C" and "Occidentalis D" for all 
three data sets. In the allelic character cladogram the 
hybrids fell within the monophyletic O. littoralis complex, 
whereas in the morphological and chrornatographical clado-
grarns they were placed about midway between o. Ficus-Indica 
and the o. littoralis subgroup. The electrophoresis re-
sults indicated a more distant influence of o. Ficus-Indica 
than expressed by the morphological and chromatographical 
cladograms. 
APPENDIX 
COLLECTION DATA FOR SERIES BASILARES AND OPUNTIAE (GENUS 
OPUNTIA, SUBGENUS OPUNTIA} COLLECTED IN SOUTHERN CALIFORNIA 
FOR USE IN ELECTROPHORESIS* 
(Data includes dates of collection, collectors, specimen 
numbers assigned according to location, location descrip-
tions, and type/s of cacti** collected at each location) 






Hwy 71 N. of !91 on w. side of road 1/2 mi s. of 
County Line (Riverside Co.) 
(austro) 
Hwy 71 N. of !91 on E. side of road at County 
Line on hillside (Riverside/San Bernardino Co.) 
(austro) 
Hwy 71 and !10 at Puddingstone Resevoir - over-
flow parking lot (Los Angeles Co.) 
(Occ c, Occ D) 
Weir Canyon Road just N. of bridge under power 
lines (Orange Co.) 
(F-I, Occ D, oric, Vas) 
on Esperanza Rd. 0.1 mi and 0.2 mi. past Hidden 
Hills Rd before Mission Hills Lane (Weir Canyon 
exit from 91 - on W. side of road (Orange Co.) 
(Occ D, oric, Vas) 




Hwy 2 1.8 mi from Hwy 138 on hill on w. side of 
road (S. Bern. co.) 
(brach) 
Hwy 138 about 3.5 mi from !15 on W. side of road 
(San Bern. Co.) 
(brach) 
June 1, 1986 (Collectors: L. Richards, D. von 
(Kriegelstein) 
4200 w side of Colorado River at Park Moabi backwater 
j~nction with main river (11 mi past Needles, 






Several miles down Colorado River from Park Moabi 
entrance at N. end of Topack Gorge on west side 
of river (San Bern. Co.) 
(bas) 
Park Moabi exit off Hwy 40 11 mi past Needles on 
NW side of freeway by railroad track just before 
Moabi Park (San Bern. Co.) 
(bas) 





s. side of San Timeteo Canyon Road by power house 
Redlands, (San Bernardino Co.) 
(F-I) 
25232 Van Leuven Street, Loma Linda (San Bern. 
Co.) 
(F-I) 
Barton Road at Center Drive, Colton (San Bern. 
Co.) 
(austro) 
s. side Pigeon Pass Road 1/4 mile past Mt. 
Vernon on way to Riverside Co. dump, Colton (San 
Bern. Co.) 
(austro, F-I, Vas) 
June 6, 1986 (Collectors: L. Richards, D. von 
Kriegelstein) 
4900-10 1/2 mi. past pet cemetary on Kendall Drive exit 
off !215, San Bernardino (San. Bern. Co.) 
(austro, Vas) 




Lakeshore/Wilson Way - E. side of lake, Lake 
Elsinore (Riverside Co.) 
(F-I) 
N. side Pigeon Pass Road 1/4 mile past Mt. 
Vernon on way to Riverside Co. dump, Colton 





Mt. Vernon Road just past Pigeon Pass turnoff on 
N. side of road, Colton (San Bern. Cd.) 
(F-I) 
June 15, 1986 (Collectors: L. Richards, D. von 
Kriegelstein) 
5300-6 Hwy 2 1.8 mi from Hwy 138 on hill on w. side of 
road (near Mormon Rocks) (San Bern. Co.) -
(brach) 
June~ 1986 (Collectors: L. Richards, G. Bradley) 








Near end of Magnolia off Main Street in wash on 
E. side of road, Cabazon (Riverside Co.) 
(disc) 
NW corner of Gilman Springs Road and Junction 79 
(Lamb Canyon) in grass/brush area and on 
hillside near Hemet (Riverside Co.) 
· (austro, disc, Occ D) 
Soboba Indian Reservation turnoff 100 yds from 
Gilman Spring Road on N. side of road near Hemet, 
(Riverside Co.) 
(austro, disc) 
Hwy 74 on SW side of road 1/2 mile NW of Ramona 
Trail (Riverside Co.) 
(disc) 
Hwy 74 on SW side of road 0.3 mi NW of M9-1:ris 
Ranch Road (Riverside Co.) 
(disc) 
June 26, 1986 (Collectors: L. Richards, D. van 
Kriegelstein) 
6100-7 N. of Hwy 38 about 1 mi before Yucaipa turnoff 
on s. side of road, Mentone (San Bern. Co.) 
(austro, disc) 
July 1.L 1986 (Collectors: L. Richards, G. Bradley) 
6300-2 1.5-2 mi. s. on dirt road to Camp Radford/Big 





4000' marker on Hwy 18 between Baldwin Lake and 
Lucerne Valley on E. side of road (San Bern. 
Co.) 
(bas) 
Hwy 2 1.8 mi from Hwy 138 on hill on W. side of 
road (near Mormon Rocks) (San Bern. Co.) 
(brach) 
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1/4 mi past Converse Station turnoff just past 
bridge on Radford Camp Road, E. side of Road 
(San Bern. Co.) 
(Piere) 
Both sides of road to Seven Oaks about 1/8 mi up 
from Converse Station turnoff at green mailboxes 
(San Bern. Co.) 
(Piere) 
1986 (Collectors: L. Richards, G. Bradley) 
Lakeridge Place and Mulholland Drive overpass at 
Hollywood Fwy on E. side of hillside (LA Co.) 
(litt, oric, Vas) 
E. side of Hwy 101 just N. of Camarillo Springs 
Road offramp on dirt road skirting base of hill 
with water tank on top (Ventura Co.) 
(litt, oric) 
E. of Hwy 101 just s. of Camarillo Springs Road 
offramp on hillside facing freeway (Ventura Co.) 
(or ic) 
Lewis Road 0.1 mi N. of Pt. Hueneme/Potrero Road 
junction on E. side of road (Ventura Co.) 
(F-I) 
Lewis Road at Potrero Road junction on E. side of 







Mile marker 9.80 on Hwy 1 on E. side of road by 
homes (Ventura Co.) 
(F-I) 
Mile marker 8.39 on Hwy 1 on E. side of road 
(Ventura Co.) 
(litt) 
Mile marker 8.00 on Hwy 1 on E. side of road 
(Ventura Co.) 
(oric) 
Mile marker 1.32 on Hwy 1 N. of Yerba Buena Road 
on E. side of road (Ventura Co.) 
(or ic) 
August 24, 1986 (Collectors: L. Richards~ G. Bradley) 
7700 
7800-7 
Same as 4905-10 but past dirt road by power lines 
about 1/8 mi, San Bernardino (San Bern. Co.} 
(austro) 
Momyer Creek trail in San Gorgonio Wilderness 
about 1/4 mi. above trailhead on both sides of 
trail, Forest Falls (San Bern, Co.) 
(Piere} 
August 24, 19886 (Collectors: L. Richards, L. Maxwell) 
7900-10 1/8 mi below 10.00 mile marker below 4,000 ft 
level sign on Hwy 138, Mormon Rks (San Bern Co.) 
(brachy) 




Orange Hill Restaurant, Chapman Ave. on E. side 
of restaurant on hill and entrance to same · loca-
tion · (Orange Co.) 
(Occ C, Occ D, Vas) 
Crawford Canyon Road and Creekside Avenue on W. 
side of road (Orange Co.) 
(Occ C, Occ D, Vas) 
Crawford Canyon Road and Stillwater - dirt road 
across from junction (Orange Co.} 









Silve~~do Canyon Community Center, Silverado 
Canyon (Orange Co.) 
(F-I, Occ C) 
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17662 Santiago Canyon Rd just s. of Modjeska Cyn. 
Rd. on east side of road (Orange Co.) 
(Occ c, Occ D, Vas) 
1/4 mi from Cook's Corner on Live Oak Canyon Road 
on both sides of road (at Cook's corner where 
El Toro, Santiago and Live Oak come together) 
(San Diego Co.) 
(F-I) 
Across from O'Neil Park on Live Oak Rd. s. of 
entrance (Orange Co.) 
(Occ D) 
Just N. of Trabuco Canyon Road and Trabuco Oaks 
Road (Orange Co.) 
(Occ c, Occ D, Vas) 
Trabuco Canyon Road - s-curves climbing out of 
canyon (Orange Co.) 
(Occ C, Vas) 
Santa Margarita Pkway 0.4 mi s. of Melinda on E. 
side of road (Orange co.) 
(Occ C) 
Cove Rd/Green Lantern in Dana Point (Orange Co.) 
(Occ D) 




100 yd. w. of Mile marker 23.50 on Hwy 76, at 
Pala Mission and at Pala by bell tower (San Diego 
Co.) 
(F-I) 
1.6 mi W. of Great South 1849 junction on Hwy 78 
on s. side of road at summit (San Diego Co.) 
(bas) 
1.4 mi W. of Great South 1849 junction on Hwy 78 
on s. side of road on ridge area (San Diego co.) 
(bas, disc) 







Gypsum Cyn Rd/Santa Ana Cyn Rd junction on s. 
side of Santa Ana and E. side of Gypsum (Orange 
Co.) 
(Occ C, Occ D) 
Green River Golf Course (Orange Co.) 
(austro, Occ C, Occ D) 
Green River Rd/Prado Rd. (Orange Co.) 
(F-I) 
Puddingstone Resevoir overflow parking lot at 
Hwy 71/!10 (Orange Co.) 
(Occ D) 





San Bernardino County dump entrance, Baldwin Lake 
(San Bern. Co.) 
(bas, Piere) 
Hwy 18 at Mile marker 59.21 on both sides of road 
(San Bern. Co.) 
(Piere) 
Hwy 18 below Mile marker 60 on E. side of road 
(San Bern. Co.) 
(Piere) 
10100-12 Corner of Citrus/Orange, Mentone (San Bern. Co.) 
(F-I) 
September 1!..£. 1986 (Collector: o. von Kriegelstein) 
10200 
10300 
24360 Lawton Ave., Loma Linda (San Bern. Co.) 
(~-I) 
24576 Lawton Ave., Loma Linda (San Bern. Co.) 
(F-I) 
September 15, 1986 (Collector: o. von Kriegelstein) 
10400 
10500 
Junction of Scabela and Soboba Hot Spgs Rd, 
Hemet (Riverside Co.) 
(F-I) 
25010 Colston St., Loma Linda (San Bern. Co.) 
(F-I) 
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*Specimen numberi . 3500-4400, 4802-5, and 4900-4904 were 
not utilized in phylogenetic analysis due to poor electro-
phoretic run repeatability. Specimen numbers 8302, 
8400-7, 8600-3, and 8901-10500 were not used in electro-
phoretic assays due to time constraints. 
** Key to Opuntia Taxa Abbreviations: 
austro o. littoral is var. austrocalifornica 
bas o. basilaris var. basilaris 
brach o. basilaris var. brachyclada 
disc o. phaeacantha var. discata 
F-I o. Ficus-Indica 
litt o. littoral is var. littoralis 
Occ c o. hybrid form "Occidental is C" 
Occ D o. hybrid form "Occidental is D" 
. o. oricola or1c 
Piere o. littoral is var. Piercei 
Vas o. littoral is var. vaseii 
.. 
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